We present source code for the computer algebra system Mathematica that analyzes the motion of the Pioneer spacecraft using the public available ephemeris data from JPL's website. Within 15 minutes, the reader can verify that the Pioneer anomalous acceleration ap (1) exists in the order of magnitude of cH0, (2) is not due to mismodeling of gravitational attraction, solar pressure or spacecraft attitude maneuvers. The simple code of about 100 lines may easily be extended by the reader to include further tests. Due to the limitations of our approach, we do not know (1) whether the unknown raw data were correctly processed to generate the trajectory files (2) how the apparent mismatch of ephemerides before 1990 had occurred.
Introduction
The Pioneer anomaly a p ≈ −8.7 × 10 −10 ms −2 [1, 2] has become one of the major challenges for theoretical physicists, and further efforts to investigate its origin are underway [3, 4, 5, 6] . The approximate coincidence of a p with the speed of light divided by the age of the universe has raised the question if this effect is new physics or a general failure of Newton's law of gravitation [2, 7, 8, 9] . A couple of months ago, one of us heard two astrophysicists talking about the anomaly. One of them, probably tired of hearing about new trouble besides DM and DE, concluded: 'well, I still don't believe it...'.
Though the analysis of the Pioneer data was done by two independent groups and published in peerreviewed journals, it is reality that convincing scientists needs time. Here we do not present any new results that help to understand the anomaly, and our approach cannot compete with the detailedness of the expert's analysis [2, 7] of the non-public raw data. From a point of view of general scientific methodology, we find it however desirable that important results of fundamental physics that require extensive numerical treatment can be repeated by a broad public of non-expert scientists. The preliminary analysis and the code given below is indeed intended for those who like to get their own opinion in brief. Furthermore, minor modifications allow to test some alternative explanations the reader eventually may have in mind. A quick description for getting started is found in section 6.1. Though we cannot give a detailed description of the program, some clarifying comments are included in the quite self-explaining code (see appendix).
Methods

Limitations
Our analysis is based on the reliability of JPL's ephemeris files. As far as Pioneer 10 and 11 is concerned, they contain an explicit warning: 'This trajectory is suitable for general historical purposes, but should be used cautiously for high precision or tracking data applications. This is due to potential dynamical mismatches between the Pioneer era models (DE-118, Lieske's E3 satellite theory of JUP035, SAT050, etc.) and the current modern solutions used by Horizons. For example, if the Pioneer 10 (11) solutions used here estimated planet or satellite ephemeris corrections at the time. However, the transformation from the original 
General method
We used the computer algebra system M athematica to calculate spacecraft trajectories from known initial conditions and from the positions of gravitating planetary bodies. The built-in-function NDSolve with an explicit Runge-Kutta method was used to integrate the equations of motion
while the sum is taken over all relevant bodies. Instead of calculating gravitational forces using the gravitational constant G and masses, the much more accurate Keplerian constants [10] , p. 47, for the sun and respective planets were implemented. For simplicity, Mercury, Venus, Earth, Mars and the asteroid belt masses were assumed to stay at sun's barycenter. Thus, for our approximate analysis ephemerides of the outer planets and the sun were sufficient. Since the same 1/r 2 -law is obeyed, radiation pressure was implemented by slightly diminishing the sun's effective mass (see code below for details) 1 . We estimated an effective surface 2 of the spacecraft of 5.9m 2 and an albedo of 0.7.
Data acquisition
Figure 1: Screenshot of HORIZONS site 1 For large distances, the antenna can be assumed to be directed to the sun. 2 Calculated from the diameter of the antenna as given on p. 2 [2] ; The value given on p. 28 is different.
All the data needed were downloaded from JPL's ephemeris site HORIZONS which contains spacecraft trajectories and planetary orbits. With our code, the reader can investigate any period of interest. For our analysis, we downloaded the orbits of the sun, of Jupiter, Saturn, Uranus and Neptune 3 and the trajectories of Pioneer 10 and 11. We chose cartesian coordinates (setting VECTORS) with the solar system barycenter as origin. A time step of 1 day was sufficient for our purposes 4 , though the code works with smaller steps without changes. For the numerical treatment, data were 3-D-spline interpolated. Due to lack of information, we did not do any maneuver modeling.
Modeling
The beginning of our analysis in 1987 coincides with the analysis carried out by [2] , see also [8] 
Results -a preliminary analysis
We compare predicted (simulated with conventional gravity) and observed (HORIZONS) values for position, velocity, and acceleration ( fig. 2 and 3) . All quantities show a significant deviation.
Comparison with position
Here we consider the predicted r(t) of our simulation with the position r H (t) in the ephemeris file 5 . Velocities and accelerations are obtained by numerical differentiation. Though Pioneer 10 and 11 do not move precisely in the direction away from the solar system barycenter, for simplicity the radial components only are analyzed.
An anomalous acceleration is clearly visible for both Pioneer 10 and 11 (bottom graphs). While the median (minimizes absolute deviation) is −7.60 × 10 −10 ms −2 and −8.29 × 10 −10 ms −2 respectively, a quadratic fit to the acceleration data yields −7.25 × 10 −10 ms −2 and −7.05 × 10 −10 ms −2 (Pioneer 10 and 11). 1987-2002. 1987 1988 1989 1990 1991 1992 1993 
Comparison with velocities
The derivatives v(r) of our predicted r(t) from the simulation are here compared to the velocities v H (t) from HORIZONS 6 . Calculating a from ∆v in this case yields −13.2 × 10 −10 ms −2 for Pioneer 10 and −4.56×10 −10 ms −2 for Pioneer 11. The anomalous acceleration functions (see bottom graphs of fig. 2 and 3 ) do practically not change. Run simulatespacecraf t [-1,...,1] and generateplots [-1 ] to get the respective plot.
Discussion
Though the deviation of the observed quantities from the predicted ones are clearly visible and confirm the order of magnitude of a p ≈ cH 0 , there are a couple of results we cannot understand yet.
First of all, there is a big jump in the data on January 1st, 1990. Before that date, we cannot verify the known anomalous acceleration at all, there seems to be an agreement with the predicted trajectories. This must be due to a systematic error in the ephemeris programs, i.e. a mismatch between data used then and now, as mentioned above in the header of the JPL ephemeris file.
Further jumps in the acceleration of Pioneer 10, though of much smaller amount, occurred on January 1st, 1993 and in June 1990. The acceleration remains in the range of a p , however. While these jumps occur from a more or less constant level to another, there are a couple of isolated disturbances, see bottom of fig. (2) and (3). Most likely those disturbances are due to spacecraft maneuvers we did not model at all. Taking the median, those disturbances are practically taken out from the analysis. One should keep in mind however that even the estimates from ∆r and ∆v (which were affected by maneuvers) yielded a p in the correct order of magnitude. Thus in no case the Pioneer anomaly can be an artifact of maneuver mismodeling.
Looking at the acceleration plots at a high resolution we did not show here, a sinewave disturbance with amplitude of about 10 −11 ms −2 appears. The period however varies continuously from about 12 days (Pioneer 11, around 1987) to 55 days (Pioneer 10, around 1997) and therefore cannot be attributed to a mismodeling of lunar ephemerides or a neglection of tidal effects of the receiver station. It is clearly not a manifestation of the annual and diurnal signal published in [2] and must be due to some other systematic error.
Conclusions
Despite the limitations of JPL's ephemeris data, we could verify the anomalous acceleration of Pioneer 10 and 11, i.e. a p cannot be due to a mismodeling of gravitational attraction, maneuvers or radiation pressure. With our code, the reader can easily verify or falsify further hypotheses on the origin of the anomaly. To account for the effect of dust, Kuiper or asteroid belt masses, dark energy etc. it suffices to run the program with different parameters or to add minor changes to the code. We hope that this hands-on demonstration will develop further the interest and critical acceptance of this outstanding effect.
